pyran-5,10-dion, a pigment of the sea urchin Echinothrix diadema, and six analogs were synthesized. The cytotoxic activity and contraceptive properties of the synthesized pyranonaphthazarins have been investigated using the sperm and eggs of the sea urchin Strongylocentrotus intermedius.
Quinoid pigments of different sea urchin species (spinochromes) were first isolated more than 50 years ago [1] . However, these compounds are still of interest to researchers because of their broad spectrum of biological activity. Spinochromes and their synthetic analogs are known today as biologically active compounds [2] or drugs [3] . 6,8,9-Trihydroxy-2-methyl-2H-naphtho[2,3-b]pyran-5,10-dione (1a) is a minor quinoid pigment (510 -5 % yield) that was isolated from Echinothrix diadema [4] . Pyranonaphthazarin derivatives are encountered rather rarely among known natural 2H-naphtho[2,3-b]pyran-5,10-diones ( Figure 1) [5]. The biological activity of compound 1a was not studied because of its poor availability. However, the literature indicates that 2H-naphtho[2,3b]pyran-5,10-diones exhibit pronounced antioxidant, antitumor, and antimicrobial activity [5, 6] . We used this method to synthesize analogs of the natural pyranonaphthazarin 1a, i.e. compounds 1b-f (Scheme 1). Compounds 1d, 1e, 1f, 2f, and 4 were prepared for the first time. The chemical structures of the synthesized compounds were confirmed by IR, 1 H and 13 C NMR spectroscopy, including the use of 2D HMBC data and mass spectrometry.
The goal of the present investigation was to determine the cytotoxic and contraceptive activity of the prepared pyranonaphthazarins 1a-f, and 4 for sperm and unfertilized and fertilized eggs of the sea urchin Strongylocentrotus intermedius that are widely used in biological tests owing to the synchronicity of their fertilization and development [11] . We have previously used fertilized eggs of S. intermedius to determine the cytotoxic activity of hydroxy-, methoxy-, and chloro-derivatives of naphthazarins and established that the hydroxy-and methoxynaphthazarins had a weak effect on the division and development of the embryos. The mutual placement of the halide atoms had a decisive effect on the biological activity of the chloronaphthazarins [12] . Naphthazarins with a vicinal placement of two chlorine atoms were the most active. Compared with 6,7-dichlorinated naphthazarins [12] compounds 1a-f, 4 exhibited poor cytotoxic activity. Pyranonaphthazarins 1b and 1c were the strongest cytostatics among the studied compounds, which at a concentration of 50 μg/mL blocked the crushing of eggs right after their addition (1 blastomere) causing lysis of 50% of the fertilized eggs. The strongest cytostatic agent among the studied compounds was 6,9-dihydroxy-2-methyl-2H-naphtho[2,3-b]pyran-5,10-dion (1b), the MED of which was 1.5 -8.5 times less than that of other compounds from this group. Compound 1f had a similar cytotoxic effect, but at higher concentrations (75 μg/mL), which caused anomalies, mortality and lysis of all eggs at the first blastomere stage (Table 1) . Substances 1d and 1e also blocked the crushing of eggs of the sea urchin at the first blastomere stage, but in higher doses of 200 and 150 μg/mL, respectively, causing anomalies and lysis of parts of the blastomeres. In contrast, compounds 1a and 4 had no cytotoxic effect on the first blastomere, even at high concentrations (250 and 200 μg/mL, respectively). 
Minimum concentration inhibiting fertilization of eggs. b Concentration inhibiting fertilization of eggs by 50%. c Concentration inhibiting fertilization of eggs by 100%.
One of the indicators of the effect of the compounds on sea urchin sperm and eggs was the fertilizing capacity of the gametes. It is known that sea urchin eggs are insensitive to most toxins, in contrast with spermatozoids [14] . However, pyranonaphthazarins had an inhibiting effect on fertilization after addition to both spermatozoids and eggs (Table 2 ). It is noteworthy that the concentration of the compounds inhibiting fertilization upon addition to sperm of sea urchin was much lower than that for addition to eggs. The exceptions were substances 1d and 1e (Table  2) . Compounds 1a, 1b and 4 added to unfertilized eggs (100 μg/mL) had no impact on the fertilization process, whereas 1b and 1a (200 μg/mL and 100 μg/mL, respectively) after the treatment of sperm did not provide 100% inhibition of fertilization. It can be noted that the strongest of the cytostatics in this group (compound 1b) had almost no impact on the fertility of the sea urchin. Compounds 1a and 4 did not have a cytotoxic effect on stage one blastomeres (Table 1) , and also did not influence fertilization after the processing of eggs. However, these compounds added to sperm, particularly compound 4, even in low doses had a considerable impact on fertilization.
In conclusion, we present in this study the synthesis of 6,8,9-trihydroxy-2-methyl-2H-naphtho[2,3-b]pyran-5,10-dion, a pigment of Echinothrix diadema, and six analogs . Compounds 1a, 1d, 1e and 4 are able to block spermatozoids and eggs in much lower doses than ones having a cytotoxic effect and may be used as contraceptives.
Experimental
General: The melting points were determined with a Boetius apparatus and are uncorrected. Analytical grade solvents were used. The IR absorption spectra were recorded on a Bruker Vector 22 spectrophotometer, and 1 H and 13 C NMR spectra on Bruker Avance-III-500 HD and Avance-III-700 spectrometers at 500 and 125 MHz, and 700 and 176 MHz, respectively. The chemical shifts (δ) are in parts per million (ppm) relative to TMS (δ=0.0 ppm). The mass spectra were taken on an AMD 604S spectrometer (direct sample inlet, ionizing energy 70 eV and elevated temperature). The course of reactions was monitored and the purity of the compounds obtained was checked by TLC. Merck Kieselgel 60F-254 plates were preliminary treated with 0.05 M tartaric acid in MeOH and dried at 50 o C for 2-3 h; 3:1 n-hexane-acetone mixture was used as eluent. Preparative TLC and CC were performed on silica gel (Chemapol, Czech Republic), 5/40 and 40/100 μm, respectively, using n-hexane-acetone. Yields were not optimized. Mompain (2,5,7,8-tetrahydroxy-1,4-naphthoquinone, 2a) [15] , naphthopurpurin (2,5,8-trihydroxy-1,4-naphthoquinone, 2b) [16] , ethylmompain (2,5,7,8-tetrahydroxy-3-ethyl-1,4-naphthoquinone, 2d) [17] , ethylisomompain (2,5,6,8-tetrahydroxy-3-ethyl-1,4naphthoquinone, 2e) [18] were synthesized according to described methods. Physicochemical and spectroscopic data for 2a are in agreement with the data published for the pigment isolated from Strongylacentratus nudus [19] ; for 2b are in agreement with the data published for the pigment isolated from Echinothrix sea urchins [20] ; and for pigments 2d and 2e are in agreement with the data published for the pigments isolated from Scaphechinus mirabilis [21] . 6,7-Dichloro-2,5,8-trihydroxy-1,4-naphthoquinone (2c) was synthesized according to a described method [22] . Dichloro-6,9-dihydroxy-2-methyl-2H-naphtho[2,3-b ]pyran-5,10-dione (1c) Yield 57%. MP: 243-246ºC [9, 10] .
7-Bromo-2,5,8-trihydroxy-6-ethyl-1,4-naphthoquinone (2f)

Synthesis of pyranonaphthazarins 1a-f, 4 (General method):
7,8-
The spectra of compounds 1a -1c agreed fully with those in the literature. 
7-Ethyl
Cytotoxic activity:
The cytotoxic activity of the pyranonaphthazarins was studied using fertilized eggs of the sea urchin Strongylocentrotus intermedius that was collected in Peter the Great Bay (the Sea of Japan). Male and female gametes and further fertilization of sea urchins were carried out according to the published method [24, 25] . Compounds in various concentrations (5-250 μg/mL) were added to the incubation mixture 3-5 min after fertilization at the zygote stage. The mixture of fertilized eggs and tested pyranonaphthazarins was incubated in an open tank with filtered seawater for 24 h at 20ºC [25] to the late gastrula stage (18 and 19 stages according to [24] ). The incubation mixture contained in DMSO either the studied compound (0.01 mL) or DMSO (0.01mL, control) and 0.99 mL of the fertilized eggs suspension (2.5x10 3 cells per mL of seawater). The action of compounds was observed using a Motic 01M microscope (China) and visual determination of the conditions of the fertilized eggs and embryos by comparison with a control (embryos in seawater and embryos in seawater with 1% DMSO). The cytotoxic action of the pyranonaphthazarins was estimated from their ability to either block or inhibit division of fertilized eggs, the lysis of blastomeres, and anomalies and delay of embryos development [26] for 1.5 -24 h after fertilization.
Determination
of fertilizing ability of sea urchin Strongylocenrotus intermedius: A suspension of either sperm (0.99 mL, 15x10 7 sperm/mL of seawater) or unfertilized eggs (0.99 mL, 2.5x10 3 /mL of seawater) was treated with a DMSO solution of either compound (0.01 mL) at various concentrations (1 to 200 μg/mL) or 0.01 mL of DMSO (control) and incubated for 30 min. Then, the sperm suspension with the compound was treated with unfertilized eggs (0.1 mL, 2.5x10 4 /mL), and the egg suspension with compound with sperm (0.1 mL, 15x10 6 sperm/mL). The mixtures were incubated for 30 -60 min. The minimum concentration inhibiting fertilization of eggs and the concentration inhibiting fertilization of eggs by 50 and 100% were determined (MED, IC 50 and IC 100 , respectively). The action of the pyranonaphthazarins at concentrations >250 μg/mL was not investigated.
This article presents results of 3-7 replicates of 3 different experiments with repetitions of each concentration. The accuracy of
